The aim of this study is to investigate the economics of renewable energy-powered desalination, as applied to water supply for remote coastal and desert communities in developing countries. In this paper, the issue of integration of desalination technologies and renewable energy from specified sources is addressed. The features of Photovoltaic (PV) system combined with reverse osmosis desalination technology, which represents the most commonly applied integration between renewable energy and desalination technology, are analyzed. Further, a case study for conceptual seawater reverse osmosis (SW-RO) desalination plant with 1000 m 3 /d capacity is presented, based on PV and conventional generators powered with fossil fuel to be installed in a remote coastal area in Egypt, as a typical developing country. The estimated water cost for desalination with PV/ SW-RO system is about $1.25 m 3 , while ranging between $1.22-1.59 for SW-RO powered with conventional generator powered with fossil fuel. Analysis of the economical, technical and environmental factors depicts the merits of using large scale integrated PV/RO system as an economically feasible water supply relying upon a renewable energy source.
Introduction
There is a worldwide trend to intensify the use of desalination to reduce current or future water shortage. Over a billion people worldwide lack access to sufficient water of good quality (Francisco Diogo ,et.al, 2014) . Most of these people live in Asia and Africa. The growing population and steady increase in the living standards lead to increasing the specific water consumption per capita. A considerable increase in the world population (over the next decade) will be concentrated mainly in most of the developing countries and particularly in Africa, causing severe water shortages (FAOSTAT Database, June 2000). As a result, 40% of the world population is facing serious water shortage, mostly in remote rural areas and expanding urban areas (UNEP, 2003) . According to a market research, a predicted average 3% increase in annual demand for fresh water would require an annual investment of about $500 billion in water supply (UNEP, 2008) .
Renewable energies (RES) are expected to have a promising future and an important role in the domain of brackish and seawater desalination in developing countries. Recently, there are intensive endeavors to develop and install large-scale desalination plants, mainly powered by renewable energy sources, for low-density population areas deprived of electrical power grid connections. The cheap fresh water may be produced from brackish or seawater by using solar panels and other renewable energy technologies.
The development of these technologies will be important for developing countries that are currently suffering from water shortage and do not have access to economical conventional energy resources to implement desalination systems. In addition, due to the fact that fossil fuel prices are characterized by high variability and a trend upwards, the use of renewable energies allows for saving fossil fuels and hence reducing risks related to energy price escalation along the whole desalination plants life cycle.
Generally, integration with renewable energy sources can be achieved by direct use the heat or mechanical energy ,or by generating electricity. Numerous efforts have been carried out throughout the world to find suitable coupling between desalination and RES. The suitability of a given renewable energy source for powering a specific desalting system depends on its type and magnitude of obtained energy. Different combinations between renewable energy sources and desalination technologies can be applied (Rodriguez-Girones, et.al, June 10-12, (1996) , (S. Edward, 2006) , (Tzen E., 2005) , (Voivontas D., 1999) .
In this paper, the issue of technology integration is addressed. Special emphasis is focused upon PV system and SW-RO desalination. Further, a case study is presented for SW-RO desalination powered with PV system or conventional electricity-generator. Technical, economical and environmental merits are elucidated for applying desalination with relatively large scale PV/SW-RO The current dominant renewable energy source for desalination is solar photovoltaic (PV), which represent about 43% of the existing capacity, followed by solar thermal and wind energy (European Union, 2008). The right combination of a renewable energy source with a desalination technology can be the key to match both power and water demand economically, efficiently and in an environmentally friendly way.
Material and Methods
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In conclusion, desalination based on the use of renewable energy sources can provide a sustainable technology to produce fresh water. It is expected to become economically attractive as the costs of renewable technologies continue to decrease. Applying locally available renewable energy resources for desalination is likely to be feasible, particularly in remote regions deprived of efficient electricity supply. Although, the present deployment of renewable-based desalination is less than 1% of desalination capacity based on conventional fossil fuels (L. Garcia-Rodriguez, 2003), it is anticipated that much higher contribution of the desalination/ RES in the near future will be achieved.
Economics of desalination/renewable energy systems
The cost of desalination is largely dominated by the energy cost. Therefore, the economical feasibility of desalination depends strongly on local availability and cost of energy. The dominant competing technology is reverse osmosis (RO), (Komgold E. et.al, (1996) . The reported production cost range for large scale conventional desalination is $1 -$2/m 3 (Komgold E., et.al, 1996) . RO has lower energy consumption when compared to MSF and MED (Madani A.A., et.al, 1995) .
Costs breakdown for SW-RO desalination showed that energy represents about 43% of the total water production cost, compared to 59% for large-scale thermal desalination plant (Washington DC, 2004) .
Typical reported capacities applied and costs of desalted fresh water from most common desalination processes based on renewable energy are shown in Table ( Note: cost calculated at the exchange rate of 1.3 from euro to $ *(CSP) refers to concentrating solar power
The future expected electricity costs beyond year 2020 for the most common solar systems have been reported to be $0.04-0.1/kwh and about 0.04/kwh for solar thermal and photovoltaic systems, respectively for an annual solar energy isolation of 2500 kw/m 2 . The optimistic forecast of electricity cost of photovoltaic system, especially in countries with high solar energy isolation, as in the case of Egypt and many other developing countries, will lead to better economics of PV-RO desalination.
Case study Seawater reverse osmosis (SW-RO) desalination plant (1000 m 3 /d) powered with photovoltaic (PV) or conventional diesel electricity generation system (DG).
In this section, a conceptual case study for desalination plant based on RO technology, powered with renewable energy PV system is presented. The choice of RO and PV technology is based on dominant application and promising future of such technology. The plant is designed for Egypt, as a typical developing country, with excellent high average annual solar energy isolation of 2500 kwh/m 2 (Enas R. Shouman and Khattab N.M., 2015). The present state of the art in both RO and PV-systems and cost indicators are applied based on international up-dated published data and national experience (Enas R. Shouman and Khattab N.M., 2015), (Franz Trieb, 2002) .
The objective of this case study is to elucidate the technical, economical and environmental merits of applying SW-RO with relatively high capacity powered with PV system, as compared to conventional powering with diesel generator (DG), conventionally used in remote coastal areas for supplying electrical power. Fig.1 represents a schematic for the SW-RO desalination plant with PV and diesel powering options. Table ( 2) illustrates the main technical features of the system, including SW-RO and power generation systems (PV or DG), as well as basis of cost estimates Table ( 3) represents the estimated capital, annual operation and maintenance (O&M), depreciation, annual operation cost of the sub-system and the integrated system as well as unit cost of water produced and electricity generated. As indicated from table (4), the capital cost of the integrated RO-PV system is 1.75 times than of RO-DG. The cost of water for RO-PV system is about $1.25/m 3 , while for RO-DG, it ranges between $1.22-1.59/m 3 depending on fuel price. 
Conclusion
Desalination represents a potential alternative technology for the efficient production of water from saline water sources at remote coastal and desert areas. The continuous development in improving energy consumption reduction and the improvement in PV-power system efficiency and cost will lead eventually to wide-spread application of the combined RO-PV system as a reliable and sustainable source of fresh water supply in remote areas, deprived from potable water and electricity. The merits of application of the RO-PV system in arid areas in developing countries is much favored by the high solar energy isolation which is double that in many developed countries. According to the presented case study, the cost of producing water for is $1.213 m 3 , compared with variable cost of $1.118-1.555/m
